Parasites are expected to exert long-term costs on host fecundity and longevity. Understanding the consequences of heritable polymorphic variation in disease defence in wild populations is essential in order to predict evolutionary responses to changes in disease risk. Telomeres have been found to shorten faster in malaria-diseased individuals compared with healthy ones with negative effects on longevity and thereby fitness. Here, we study the impact of haemosporidian blood parasites on telomere dynamics in tawny owls, which display a highly heritable plumage colour polymorphism. Previously, it has been shown that blood parasites have morph-specific impact on body mass maintenance. Here, we show that telomeres shortened faster in individuals with shorter breeding lifespan. Telomere length was negatively associated with the degree of pheomelanic brown coloration and shorter in infected than uninfected individuals. The rate of telomere shortening between breeding seasons was faster in darker pheomelanic individuals and suppression of parasite intensity between seasons was associated with faster telomere shortening in the paler individuals but not in darker ones. We propose that morph-specific physiological profiles cause differential telomere shortening and that this is likely to be a mechanism involved in previously documented environment-driven survival selection against the pheomelanic morph in this population.
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Parasites are expected to exert long-term costs on host fecundity and longevity. Understanding the consequences of heritable polymorphic variation in disease defence in wild populations is essential in order to predict evolutionary responses to changes in disease risk. Telomeres have been found to shorten faster in malaria-diseased individuals compared with healthy ones with negative effects on longevity and thereby fitness. Here, we study the impact of haemosporidian blood parasites on telomere dynamics in tawny owls, which display a highly heritable plumage colour polymorphism. Previously, it has been shown that blood parasites have morph-specific impact on body mass maintenance. Here, we show that telomeres shortened faster in individuals with shorter breeding lifespan. Telomere length was negatively associated with the degree of pheomelanic brown coloration and shorter in infected than uninfected individuals. The rate of telomere shortening between breeding seasons was faster in darker pheomelanic individuals and suppression of parasite intensity between seasons was associated with faster telomere shortening in the paler individuals but not in darker ones. We propose that morph-specific physiological profiles cause differential telomere shortening and that this is likely to be a mechanism involved in previously documented environment-driven survival selection against the pheomelanic morph in this population.
Introduction
Chronic parasitic diseases are expected to impose costs on their hosts because immune defence is costly and competes for resources with other life-history components [1, 2] . The cost of a parasitic disease is, however, not in negative linear association with parasite defence capacity because an exaggerated parasite defence may be as costly as an inadequate defence, owing to other side effects (e.g. autoimmune responses, oxidative stress) of mounting an immune response [3] . Haemosporidian parasites are among the most thoroughly studied vector-borne parasites in wild vertebrates [4 -7] . Although the immediate costs of haemosporidian infection may be difficult to quantify [8] , experimental studies have found that medication against haemosporidians improve reproductive success [9, 10] and survival [11] . Haemosporidian parasites and their hosts therefore provide a good opportunity to understand fitness costs and benefits of different defence strategies against parasites [12 -15] .
In vertebrates, melanin-based colour polymorphism has been used as a phenotypic biomarker for genetic polymorphism in parasite defence and immunology [16, 17] . Molecular studies have provided support for the hypothesis that molecules which are involved in melanogenesis also alter other physiological processes, thereby generating covariation between melaninbased coloration and physiological and immunological functions [17, 18] . The two melanin pigments, eu-and pheomelanin, which produce brown to black and yellow to red pigments, respectively, are both products of melanogenesis in the melanocortin system [17] . On a phenotypic level, empirical studies of vertebrates have found that pheomelanin-based colour polymorphism is intimately entwined with immune function and parasite defence [19] [20] [21] [22] , oxidative stress [23] , as well as life-history variation [24] and fitness [25, 26] . Colour polymorphic vertebrates therefore provide excellent study systems to investigate heritable variation in parasite defence strategies and costs.
Telomere dynamics have recently received attention as potential mediators of costs of infections. Telomeres are stretches of non-coding DNA at the end of the chromosomes and they shorten because of cell division [27] and under the exposure of oxidative stress [28, 29] . When the telomeres become too short, the cell dies, which in turn can cause organ dysfunction and ageing [30] . Recently, it was shown in a long-term study of the great reed warbler that chronic malaria infection has long-lasting effects on fitness [31] . Great reed warblers carrying chronic malarial infection had a shorter lifespan and produced fewer offspring during their lifetime compared with healthy birds. This effect of the parasitic infection on fitness was associated with a faster rate of telomere shortening in parasitized individuals [31] . A causal relationship between avian malaria and faster telomere shortening was demonstrated by the finding that telomeres shortened faster in experimentally infected captive great reed warblers compared with controls [31] . Furthermore, it has been shown that malaria infection causes parallel telomere shortening in multiple body tissues, suggesting that malaria infection induces systemic stress in experimentally infected birds [32] . Other studies have also shown that haemosporidian infection is associated with susceptibility to oxidative stress, especially during energetically demanding stages of reproduction [33] . Thus, increasing pieces of evidence suggest that telomeres are potential mediators of long-term fitness costs of parasitic infections.
In this paper, we use data on colour polymorphic tawny owls from a Finnish population in 2006-2013 to study colour morph-specific variation in telomere dynamics in relation to haemosporidian parasitism using real-time qPCR methodology. The haemosporidian Leucocytozoon parasites are transmitted by ornithophilic black flies (Simuliidae), which emerge in spring during the breeding event of tawny owls [34] . Tawny owls display a highly heritable pheomelanin-based colour polymorphism in their plumage ranging from pale grey to reddish-brown [19, 25, 26] . This colour polymorphism covaries with several parameters associated with disease defence and metabolism (table 1) . Studies suggest that the pheomelanic morph has a more resource demanding defence system against parasites, which elevates the costs of disease defence as compared to the pale (less pheomelanic) morph (summarized in table 1).
There is also evidence of environment-induced morph-specific life-history variation in tawny owls, e.g. in growth [21, 35] , life-history strategies [24, 36] , lifetime reproductive success [25] and winter climate-driven survival [26] . These studies follow the prediction that the pale morphs are better adapted to dry and northern environments, whereas the pheomelanic ones are adapted to more productive and humid environments [37] .
Based on the theoretical predictions and these previous studies, we hypothesize that telomere length is shorter and telomere shortening is faster in darker pheomelanic tawny owls. Parasite infection is expected to have a negative effect on telomere length and parasite suppression (investment in parasite defence) is expected to be negatively associated with telomere shortening. We further predict that haemosporidian infection is independent of coloration (cf. [20] ), but that the predicted costs of parasite infection and defence will have morph-specific effects (colorationÂparasitaemia) on telomere length and shortening.
Material and methods
We studied tawny owls in Southern Finland; between 2006 and 2013, in an area of approximately 250 km 2 (60815 0 N, 24815 0 E) where 100 -140 nest-boxes are available for the owls to breed (main study population). In addition, we collected similar data in 2008 and 2011 -2013 in an area of approximately 100 km 2 containing 40 nest-boxes (60859 0 N, 25839 0 E). These two populations follow similar dynamics in terms of timing of breeding and reproductive output (P. Karell, K. Ahola & H. Kolunen 2017, unpublished data). The nest-boxes were checked from midApril onwards in order to find the nests and to measure clutch size. Hatching time was estimated by regularly visiting the nests with approximately one-week interval. The date of egglaying (laying date) was estimated from the laying interval if the nest was checked when the clutch was incomplete (tawny owls lay one egg approximately every second day), by back counting from hatching (incubation time is approx. 28 days and incubation was assumed to start after the second egg was laid) or by estimating the age of the chicks from their wing length if all chicks had hatched. Within 1 -5 days after all eggs had hatched, the brooding female parents were caught using a net at the entrance of the nest-box at dusk. After sampling, the female was put back into the nest-box and a swing-door trap for the male was mounted in front of it and left overnight. Early in the following morning, traps were checked and the captured males were sampled and thereafter released. Both sexes had similar capture probability in the main study population as only in 3 out of 121 breeding attempts during the study period we caught only the female and not the male. In the second study population (sampled 2008, 2011-2013) , the male was caught in 9 out of 18 breeding attempts (data used only for part of the statistical models, see below). When the oldest chick in the brood was approximately 25 -28 days old, all Table 1 . Summary of experimental tests of the covariation between colour polymorphism, immune function and physiology in tawny owls. (The general morph-specific response is denoted as 'dark' (pheomelanic brown) and 'pale' (pale grey) to indicate the direction of the effect.) treatment morph-specific effect response references induced immune response immune responsiveness dark , pale [26] induced immune response body mass maintenance dark , pale [26] parasite medication body mass maintenance dark , pale [27] improved food conditions nestling growth dark , pale [28] rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171127 offspring in the brood were ringed and sampled (see [38] for details). During sampling, each individual was ringed (if unringed), aged (for details on age determination; see the electronic supplementary material), colour scored, weighed and physical measurements were taken. A blood sample (approx. 60 ml) was taken and stored in 96% ETOH for later molecular analyses. All breeding owls which were caught in the nest-box population were sampled.
Plumage coloration was determined by authors K.A. and P.K. on adults using a semi-continuous scale from 4 to 14. The colour scoring method focuses on the degree of reddish-brown pheomelanin pigmentation in different parts of the plumage (see the electronic supplementary material and [25] for details). A low score implies less pigmentation and pale grey dominated plumage, whereas a higher score indicates higher degree of reddish-brown pheomelanin pigmentation. Here, we use colour score as a semi-continuous variable in all statistical analyses. The colour scoring method is highly repeatable (females, r ¼ 0.90; males, r ¼ 0.92 [25] ).
Tawny owls have high site fidelity and therefore, it is possible to follow individuals throughout their breeding career and estimate lifetime reproductive success [25] . As practically all tawny owls start breeding as 1-or 2-year olds [38] , it is possible to estimate the breeding lifespan of both male and female owls. An individual was assumed to have died if it had not been found breeding for three consecutive years.
(a) Molecular analyses
DNA from blood was extracted using standard phenol/chloroform methods [39] . The purified DNA was diluted to 25 ng ml 21 and a nested PCR amplifying a partial segment of the cytochrome b gene [40] was run on a subset of samples (n ¼ 67) to determine infection status of the genera Haemoproteus, Plasmodium and Leucocytozoon. We sequenced 64 of these samples where infection had also been documented based on microscopy (see [20] ) and aligned the sequences using BIOEDIT [41] . We used BLAST function in software MEGA5 [42] to compare the sequences, which revealed that all tawny owl samples contained sole infections of one single strain of the Leucocytozoon parasite L-STAL1 (GenBank accession no. EF607285, see [43, 44] ). A pair of lineage-specific primers based on the sequences was designed for quantification of the parasite using real-time quantitative PCR (qPCR).
(b) Quantitative PCR to estimate Leucocytozoon parasitaemia and telomere length
Extracted DNA were diluted to 1 ng ml 21 and run on an Mx3000P QPCR system (Stratagene) to quantify infection intensities. The infection intensities of the observed Leucocytozoon strain were estimated using the lineage-specific primers STALF1 (5 0 -TGGTTTA TCTGCACATTCTATGCT-3 0 ) and STALR1 (5 0 -TGTGTGCTTG AGAGCTGTAATC-3 0 ), which amplify a partial sequence of the cytochrome b gene. We then quantified total DNA contents by using host-specific primers (sfsr/3Fb 5 0 -ACTAGCCCTTT CAGCGTCATGT-3 0 and sfsr/3Rb 5 0 -CATGCTCGGGAACCAAA GG-3 0 ), which amplify an ultra-conserved single-copy nuclear sequence [8, 45] . For the parasite and total DNA content quantification, each 25 ml reaction contained 5 ml DNA template (1 ng ml 21 ), 12.5 ml Supermix (Platinum SYBR-green qPCR SuperMix-UDG, Invitrogen), 0.1 ml ROX, 1 ml (10 mM) of each primer and ddH 2 O. Thermal cycling condition was an initial incubation at 508C for 2 min and 958C for 10 min, followed by 40 cycles of 958C for 15 s (558C for STAL and 588C for sfsr/3 for 45 s) and at 728C for 45 s. Telomere length was measured from blood cells with real-time qPCR (Stratagene Mx3000P QPCR system) using the primers Tel (Tel1b 5 0 -CGGTTTGTTTGGGTTTGGGTTTGGG TTTGGGTTTGGGTT-3 0 and Tel2b 5 0 -GGCTTGCCTTACCCTT ACCCTTACCCTTACCCTTACCCT-3 0 ) (as described in [46] ). In brief, for telomere quantification, each 25 ml reaction contained 5 ml DNA template (1 ng ml 21 ), 12.5 ml Supermix (Platinum SYBR-green qPCR SuperMix-UDG, Invitrogen), 0.1 ml ROX, 0.3 ml (10 mM) of the Tel primers and ddH 2 O. Samples were incubated at 508C for 2 min and 958C for 10 min, followed by 30 thermal cycles of (958C for 15 s, 608C for 30 s and 728C for 30 s). We generated a standard curve for the relative quantification. We then calculated a relative telomere length (T/S ratio) value, by dividing the (plate-adjusted) qPCR value for the telomere length (T ) with the (plate-adjusted) qPCR value for the single-copy nuclear sequence (S) [31, 47] . Our method showed a very high repeatability for both T/S ratio (ICC ¼ 0.98) and parasite intensity (ICC ¼ 0.78). See the electronic supplementary material for details on methods and for repeatability measurements and calculations. We adjusted the telomere length estimates with the total DNA content estimates to obtain a relative telomere length value. See the electronic supplementary material for further details on the qPCR mix, thermal cycle protocol, standard curve analyses for Leucocytozoon parasitaemia and telomere quantification, and calculation of T/S ratio.
Repeatability of the qPCRs were evaluated by calculating within-plate and between-plate variability. Both the within-plate and between-plate repeatability were very high at all primer sets (see the electronic supplementary material for details).
(c) Statistical modelling
We present summary statistics of all observations on adults for which we have estimates of parasite intensity (n ¼ 255 observations of 144 individuals). The sample sizes in the statistical models are smaller (some samples did not work or ran out of DNA) and separately described for each model. In a preliminary analysis, we confirmed that no significant variation in parasite infection or telomere length was owing to variation between the two populations that were sampled. The parasite data were modelled as a binomial response (infected, not infected) and then as a continuous variable 'parasitaemia' which included the intensity scores of the infected individuals only (see the electronic supplementary material). Parasite infection probability was not possible to model in a binomial generalized linear mixed model approach (with repeated measures) because there were correlations between observations in the data. We therefore used data on first observation of each (adult) individual (n ¼ 136) to test for variation in infection probability in relation to colour polymorphism. We separately analysed parasite prevalence (infected versus not infected) and parasitaemia among parasitized birds (see the electronic supplementary material for methods and results), because these are different processes: infection with a novel disease can cause systemic stress (infected versus not infected) and defence against a chronic disease (variation in parasitaemia) cannot necessarily be directly compared with individuals not suffering from the disease (see the electronic supplementary material and [31] ).
Normally distributed response variables (log 10 transformed telomere length and Leucocytozoon infection intensity score) were analysed using linear mixed effects (LMM) models. In the LMMs on adult breeding individual data, we used only data on those individuals for which we had at least two repeated measures on telomere length and Leucocytozoon infection prevalence (all data were from the main population). This was because we wanted to estimate morph-specific telomere and parasite change over time (colour score Â year, see the electronic supplementary material). The mixed models included the random effect 'individual ID' to account for repeated measures of the same individuals. Detailed lists of the variables tested in the LMMs are presented in the electronic supplementary material.
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The breeding lifespan was estimated on 47 individuals for which we had repeated measures of telomere length. The individual-specific rate of telomere shortening (change) was calculated as the difference in telomere length between last and first estimate and corrected for the number of years between sampling.
Annual rate of change in telomere length (T/S ratio change T xþ1 2 T x ) and change in parasite intensity (change in % infected red blood cells year T xþ1 2T x ) were calculated on the individuals for which there were repeated measures (n ¼ 60 individuals, n ¼ 98 observations of change between years). These data were used in a LMM (individual ID as random effect) where we tested the fixed effects of the variables 'change in parastaemia', 'colour score', year and 'change in parasitaemiaÂcolour score' on 'telomere shortening' (change in telomere length). Telomere length in year T x was included in the model to correct for variation in initial telomere length.
The residuals of all the full linear mixed models were inspected graphically for outliers and heteroscedasticity. We used stepwise backwards model selection and compared between models (including and excluding a given fixed effect) using Akaike information criteria and deviance in log likelihood between models. The overall test of significance (a ¼ 0.05) of a given explanatory variable was based on a log-likelihood test (x 2 ) between a model retaining and excluding the given explanatory variable. We present the marginal and conditional R 2 of the minimal adequate LMMs, where the first describes the proportion of variance explained by the fixed factor(s), and the second describes the proportion of variance explained by both the fixed and random factors [48] . All statistical analyses were performed using R v. 3.3.1 [49] .
Results
The data on infection status consisted of 255 observations of 144 breeding individuals in 8 years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . Of all observations, 187 were infected and 68 were not infected with Leucocytozoon. The mean parasite intensity was 0.98% (+0.12 s.e.), whereas the median was 0.33% (range: 0.0001-13.26%, coefficient of variation ¼ 2.59). There was large variation between years in the proportion of infected adult individuals ranging from 20% ( We proceeded by analysing the rate of telomere shortening in relation to breeding lifespan on an individual level. The annual rate of individual-level telomere shortening was faster in owls with shorter breeding lifespan (figure 1,
In a following model, we tested the effect of infection prevalence, plumage coloration and other life-history variables on telomere length. The LMM revealed that infected individuals had significantly shorter telomeres than noninfected ones (infection prevalence: b ¼ 20.10 + 0.03, x 
Discussion
Our results show that tawny owls in our population are mainly infected by only one strain of Leucocytozoon blood parasites. The chronic infection intensity of these parasites is fairly low, whereas the prevalence in the population is high and varies between years. As predicted, these Leucocytozoon infections appear to impose costs on the host as we find that telomere length is markedly shorter in infected individuals. In addition, we find that telomeres are shorter in more pheomelanic brown individuals compared with paler grey rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171127
ones. We bring novel evidence of the dynamics associated with this pattern. First, we show that individuals with a faster rate of telomere shortening have a shorter breeding lifespan and second, we show that the rate of telomere shortening is faster in darker pheomelanic tawny owls. We further find that the effect of parasitaemia suppression on telomere shortening depends on plumage coloration, where telomeres shorten faster when parasite intensity is suppressed in paler grey individuals, whereas darker pheomelanic ones show an opposite pattern. This is the first study that, to our knowledge, presents evidence of highly heritable colour polymorphic variation in telomere dynamics with differential effects depending on parasitic disease defence. In birds, telomere shortening tends to follow a drastic decline after the juvenile stage, a levelled-off phase during the adult breeding life and a possible decline before death ( [31, 50, 51] ; see also the electronic supplementary material, figure S1 ). However, when analysing the telomere dynamics of adults on individual level, it is possible to detect betweenindividual differences in the rate of telomere shortening, even though the population-level trend among adults is fairly stable. Here, we found that individuals with faster rate of telomere shortening have a shorter breeding lifespan compared with those with a slower rate of telomere shortening. Hence, telomere shortening appears to be related to ageing in this species. Our results also show that, although the general trend of telomere change is negative, a significant part of the individuals in fact maintained or increased their telomeres between consecutive measurements. This observation of a putative restoration process of telomeres has also been found in other studies [52] [53] [54] [55] , but whether this can be caused by telomere restoration processes or other functions remains experimentally unresolved.
Telomere length was shorter in tawny owls infected with Leucocytozoon parasites. Haemosporidian parasites (to which Leucocytozoon belong) increase the oxidative stress of the host during reproduction [33] and reduction in oxidative stress by supplementation of antioxidants to breeding birds has been found to decelerate telomere shortening [56] . These effects of haemosporidians are clearly visible also in the life history of the host as experimental suppression of haemosporidians by medication improve survival [11] , and on the other hand, experimental infection with haemosporidians lead to faster telomere shortening in captivity [31, 32] . In wild great reed warblers, haemosporidian infection leads to faster telomere shortening and reduced lifespan [31] . Our results confirm this pattern of association between haemosporidian infection and shorter telomere length in tawny owls, and highlight the notion that chronic infections of the previously less well-studied Leucocytozoon are negatively associated with telomere length. We found that telomere shortening was associated with colour polymorphism, where telomeres shortened faster in pheomelanic brown tawny owls than in pale grey ones. We further found that the effect of parasite suppression on telomere shortening between years depended on coloration where telomere shortening was faster when parasites were suppressed in pale grey individuals, whereas this effect was less pronounced in darker pheomelanic individuals (table 2) . Our results therefore suggest that telomere shortening is faster in darker pheomelanic individuals and that the colour morphs display differential long-term effort in parasite defence, which has differential effects on telomere shortening. In the literature, there is increasing empirical evidence of intrinsic differences between highly heritable colour polymorphism, immune function and energy homeostasis [16, 17] . A plethora of studies suggest that the darker pheomelanic individuals have a superior immune defence system, but also a higher metabolic turnover rate than paler grey ones: e.g. darker pheomelanic individuals mount a stronger and longer-lasting immune defence against a novel antigen, but at a cost of reduced body mass [19] . Experimental medication against Leucocytozoon parasites allowed the pale grey morph to maintain body mass, whereas the body mass of the pheomelanic brown morph continued to decline [20] . Pheomelanic brown tawny owls also allocate more resources to plumage maintenance than pale grey ones [57] and their plumage has a less insulative feather structure, requiring more energy to maintain body temperature [58] . These studies suggest that the energetic requirements and the metabolic turnover rate increase with the degree of pheomelanism, which may increase the oxidative stress profile. Indeed, in barn owls, pale individuals are more resistant to oxidative stress than pheomelanic ones [23] . Our results are therefore in line with these previous studies as we find that disease defence (suppression of parasite intensity between years) has pronounced negative effects on telomere shortening in pale grey, whereas in pheomelanic brown individuals, the effects are less pronounced. Thus, we suggest that faster telomere shortening of pheomelanic brown tawny owls compared with pale grey ones can be a consequence of faster metabolism and increased resource requirements in pheomelanic brown tawny owls, which are traits that previously have been suggested to be the targets of selection in studies of the evolutionary dynamics of plumage coloration in tawny owls [25, 26] .
Furthermore, although we found that telomere length was associated with colour polymorphism and that parasite suppression had morph-specific effects on telomere shortening, we cannot exclude that the observed shorter telomere length in darker pheomelanic brown breeding adults may to some extent also stem from innate morph-specific variation in telomere length. In addition, patterns of telomere length variation at a given time step should in general be interpreted with caution because qPCR-based telomere length estimates include interstitial telomere sequences, which are telomeric repeats located away from chromosome ends. These interstitial telomeric repeats are consistent within individuals and do therefore not affect estimates of telomere shortening based on repeated measures of an individual, but may affect the absolute telomere length estimation at a given time step [59, 60] . However, the effects of these interstitial telomeric repeats are expected to reduce the power of detecting covariation between telomere length and other intrinsic traits, which suggests that our findings of variation in telomere length and shortening owing to colour polymorphism and parasite infection are robust and may be even more pronounced.
We found colour morph-specific telomere shortening in adult tawny owls and shorter overall telomere length in pale grey than pheomelanic brown ones. This colour polymorphic variation in telomere length could additionally stem from differences in telomere shortening during growth or between fledging and breeding when natal dispersal and territory acquisition takes place. Previous studies have, for instance, found morph-specific variation in the ability of tawny owl offspring to grow while coping with immune challenges and/or under experimental food conditions [21, 35] . Food conditions and other environmental stressors may indeed affect telomere dynamics. In a recent study, Badás et al. [56] experimentally demonstrated that limited antioxidant resources increased telomere shortening. Experimental manipulation of oxidative stress, antioxidant levels or parasite densities at different life stages are necessary in order to impose causality and pathways by which telomere dynamics could lead to colour polymorphic variation in telomere length.
In harsh environments, the pheomelanic brown tawny owl morph has lower survival and thereby ultimate fitness than the pale grey [25] . This survival selection against the pheomelanic brown morph increases in strength under years with more severe snow-and winter conditions [26] , whereas in more favourable environments, the pheomelanic brown morph has higher survival than the pale grey [24] . In the light of these previous results on survival selection against the brown morph in our study population [25, 26] , our current results on faster telomere shortening in tawny owls with shorter breeding lifespan and on colour morphassociated telomere dynamics, support the hypothesis that shorter telomeres in the pheomelanic brown morph is linked to shorter lifespan. Our data are currently inadequate to rigorously estimate survival as a function of telomere length/shortening and coloration. In addition, telomere shortening is likely to be an indicator, and not a causal predictor of ageing [61] . To impose a direct relationship between telomere dynamics and morph-specific survival, one would need to manipulate telomere dynamics and document the consequences thereof on survival in relation to colour polymorphism. To conclude, we find that telomere length and telomere dynamics differ between highly heritable colour morphs and depend on parasite defence, which all together flag the potential role of telomeres as biomarkers in evolutionary processes altering colour polymorphism in wild vertebrates.
Ethics. Data accessibility. Life-history data and qPCR data on adjusted telomere length and infection status: Dryad entry (http://dx.doi.org/10.5061/ dryad.s508j) [62] .
